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1 Executive summary 

DHI provides independent verification testing services to developers of ballast water manage-
ment systems. DHI’s quality assurance project plan is consistent with the requirements of the 
International Convention for the Control and Management of Ships Ballast Water and Sedi-
ments.  

From September 2011 through April 2012, DHI conducted shipboard test of the DESMI Ocean 
Guard ballast water management system DOG P40-300 in accordance with DHI’s certification by 
Lloyd’s Register. The ability of the DOG P40-300 to (a) successfully treat ballast water without 
interruption and (b) meet IMO D-2 ballast water discharge standard was evaluated during a se-
ries of three valid test cycles. 

The first two test cycles were conducted with ballast operations in the port of Lisbon, Portugal, 
and de-ballast operations in the port of Lisbon and in the port of Algeciras Bay, Spain, respec-
tively. The third test cycle was conducted with ballast operation in the port of Praia, Republic of 
Cape Verde and de-ballast operation on anchorage site outside the port of Praia. The source wa-
ter was characterized as marine water with salinities of approx. 34 and 37 practical salinity 
units (PSU), respectively, in the port of Lisbon and the port of Praia.  

The average densities of viable organisms in the ≥50 µm size class varied from approx. 4,900 to 
approx. 10,000 organisms per m3 in the inlet water. For the size class ≥10 and <50 µm, the aver-
age densities in inlet water varied from 94 to 127 organisms/mL when determined by inverted 
microscopy. The contents of E. coli and enterococci bacteria in the inlet water were <10-130 and 
<10-120, respectively. The inlet water concentrations of organisms ≥50 µm and the smaller 
planktonic organisms (≥10 and <50 µm) fulfilled the validity criteria defined in the IMO G8 
guidelines. For shipboard testing, there are no requirements in the IMO G8 guidelines in relation 
to the density of bacteria in the inlet water.  

The numbers of viable organisms in the ≥50 µm size class were 0.17, 0.26 and 0 per m3 in the 
treated discharge water in the three test cycles, which is at least 40 times below the threshold 
value defined in the IMO D-2 standard. In all three test cycles, the density of viable algae, repre-
senting the ≥10 and <50 µm size class, in the treated discharge water was determined to <0.18 
organisms/mL by use of a most probable number (MPN) assay. The density of viable algae in the 
treated discharge water was thus more than 55 times below the IMO D-2 standard. Measure-
ments of the algal primary production showed a decrease of 99-100% after treatment in the bal-
last water management system compared with the control with untreated ballast water, which 
confirmed that the treatment resulted in an immediate impact on the algal photosynthesis. In 
the treated discharge water, the average concentrations of E. coli and enterococci were below 
the detection limit in all test cycles. Vibrio cholerae was not detected in any water sample in the 
shipboard test. 

The DOG P40-300 functioned properly during all three test cycles and was highly effective at re-
ducing live organism densities, fulfilling the IMO consistent challenge conditions. Live organisms 
in the size classes defined in the IMO G8 guidelines were discharged at densities below the IMO 
D-2 standard. 

2 Introduction 

The objective of this project was to conduct a shipboard test of the DESMI Ocean Guard ballast 
water management system (BWMS) DOG P40-300 in accordance with the guidance given in 
Resolution MEPC.174(58), Guidelines for approval of ballast water management systems (G8) 
(IMO 2008), hereafter referred to as the IMO G8 guidelines. 

DHI holds a certificate of compliance issued by Lloyd’s Register. The acting classification society 
for the shipboard test of the DOG P40-300 was Lloyd’s Register. 
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DHI has no involvement, intellectual or financial, in the mechanics, design or marketing of the 
BWMS whose performance has presently been evaluated. To ensure that DHI tests are uncom-
promised by any real or perceived individual or team bias relative to test outcomes, DHI test ac-
tivities are subject to rigorous quality assurance, quality control procedures and documentation. 

During three consecutive valid test cycles, the DOG P40-300 was evaluated for its ability to: (a) 
successfully treat ballast water without interruption and (b) meet IMO D-2 standard (IMO 2004) 
at discharge. 

3 Testing laboratory 

DHI is an independent, international consulting and research organisation with the objectives to 
advance technological development and competence within the fields of water, environment 
and health. DHI established the DHI Ballast Water Centre with the purpose to provide perfor-
mance evaluation of BWMS. The DHI Ballast Water Centre includes land-based test facilities and 
environmental laboratories in Denmark and Singapore. 

The shipboard test was carried out by: 

DHI 
Agern Allé 5 
DK-2970 Hørsholm 
Denmark 

4 Ballast water management system 

A description of the DOG P40-300 as provided by DESMI Ocean Guard is included in the quality 
assurance project plan (QAPP) in Appendix B.  

5 Experimental design 

5.1 Trial periods and locations 

The shipboard test included three consecutive valid test cycles conducted on board the contain-
er vessel Thurø Mærsk (IMO 8819976).  

Thurø Mærsk is a cargo ship from 1991 with a cargo capacity of 1367 TEU (twenty foot equiva-
lent unit). The vessel typically calls ports in Algeciras – Vigo – Leixoes and Lisbon on the Iberian 
Peninsula, a number of ports on the West African coast and in Praia in the Republic of Cape 
Verde.  

In the beginning of September 2011, the DOG P40-300 was installed in a container placed in the 
bottom of the cargo bay and connected to the ballast water system of the vessel. For the ship-
board testing, the starboard ballast tank 7 was used for control water and the port side ballast 
tank 7 was used for treated water. 
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Table 5.1 Details of inlet and discharge operations for shipboard test cycles 

Test 

cycle 

Location 

(ballast/ de-

ballast) 

Operation Inlet 

Volume 

and flow 

rate 

Discharge 

Volume 

and flow 

rate 

Test#1 
Lisbon (PT) / 
Lisbon (PT) 

Control 
2011.09.12 

20:23-21:15 
~ 260 m3 

~300 m3/h 
2011.09.13 

19:09-19:52 
~140 m3 

~200 m3/h 

Treatment 
2011.09.12 

21:30-22:20 
~210 m3 

~250 m3/h 
2011.09.13 

16:22-16:59 
~120 m3 

~200 m3/h 

Test#2 
Lisbon (PT)/ 

Algeciras (ES) 

Control 
2011.09.14 

06:09-06:59 
~ 260 m3 

~310 m3/h 
2011.09.16 

16:01-16:31 
~100 m3 

~200 m3/h 

Treatment 
2011.09.14 

08:09-09:12 
~260 m3 

~250 m3/h 
2011.09.16 

14:28-15:00 
~110 m3 

~200 m3/h 

Test#3 
Praia (CV) / 

Praia (CV) 

Control 
2012.04.23 

14:09-15:08 
~260 m3 

~264 m3/h 
2012.04.24 

10:47-11:20 
~110 m3 

~200 m3/h 

Treatment 
2012.04.23 

15:30-16:22 
~260 m3 

~300 m3/h 
2012.04.24 

09:25-10:03 
~130 m3 

~200 m3/h 

Ballast operations for test cycles #1 and #2 were conducted while docked at the Alcântara Con-
tainer Terminal in the port of Lisbon, Portugal (PT). The de-ballast operations were conducted 
in the port of Lisbon for test cycle #1 and at the APM Terminal in the port of Algeciras Bay, Spain 
(ES), for test cycle #2. Test cycle #3 was conducted with ballast operation in the port of Praia, 
Republic of Cape Verde (CV) whereas the de-ballast operation was conducted on anchorage out-
side the port of Praia. The holding time of ballast water between inlet and discharge varied from 
17 to 56 hours.  

The BWMS was operated by DESMI Ocean Guard A/S and the vessel’s crew during the three test 
cycles. Each test cycle consisted of sampling and analyses of: 

 Inlet water: Physical-chemical and biological parameters in the inlet water were consid-
ered sufficiently stable during the ballasting and, thus, only one set of samples and analyses 
was used to represent the control tank and the ballast tank 

 Control discharge water: Stored without treatment from the time of ballasting to dis-
charge 

 Treated discharge water: Treated and stored from the time of ballasting to discharge 
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5.2 Sampling 

5.2.1 Sample overview 
All samples were collected by DHI staff in accordance with the description in the QAPP (Appen-
dix B).  

Table 5.2 Number of samples and sample volumes  

Water type Sample replicates Sample volume per replicate 

Inlet water 3 replicates 

Organisms ≥50 µm: >1 m3 * 

Organisms ≥10 and 50 µm: >1 L ** 

Bacteria: >0.5 L **  

DOC + POC: Approx. 0.5 L ** 

TSS: Approx. 2 L ** 

Control discharge water 3 replicates 

Organisms ≥50 µm: >1 m3 * 

Organisms ≥10 and 50 µm: >1 L ** 

Bacteria: >0.5 L ** 

DOC + POC: Approx. 0.5 L ** 

TSS: Approx. 2 L ** 

Treated discharge water 

3 replicates Organisms ≥50 µm: >3 m3 * 

3 × 3 replicates Organisms ≥10 and 50 µm: >1 L ** 

3 × 3 replicates Bacteria: >0.5 L ** 

3 replicates DOC + POC: Approx. 0.5 L ** 

3 replicates TSS: Approx. 2 L ** 

* Samples collected by continuous flow during the entire period of intake or discharge; this continuous sampling of 
3 replicates, each with a volume of at >3 m3, provides the same statistical basis for counting as the sampling 3 × 3 
replicates of >1 m3, which is recommended in the G8 guidelines; 

** Samples collected over the period of intake or discharge (start, middle and end).  
DOC Dissolved organic carbon 
POC Particulate organic carbon 
TSS Total suspended solids 

5.2.2 Samples for enumeration of organisms ≥50 µm 
Three replicates were collected by parallel continuous sampling during the entire periods of in-
let and discharge. The samples were gently filtered through a net with a mesh size of 35 µm and 
a reservoir (cod-end) at the bottom for collecting the organisms ≥50 µm. Each replicate was 
transferred to 1-L glass bottles. The total volume of the filtered sample exceeded 3 m3 per repli-
cate for the treated discharge samples and 1 m3 per replicate for the inlet and control discharge 
samples. The exact sample volume for each of the three replicates was determined by use of 
three flow meters, which were an integrated part of the sampling system for the DOG P40-300 
unit. 

5.2.3 Samples for enumeration of organisms ≥10 µm and <50 µm 
Samples (3 replicates for the inlet water, 3 replicates for the control discharge water, and 3 × 3 
replicates for the treated discharge water) with a volume of approx.. 10 L were collected in pol-
yethylene containers.  

5.2.4 Samples for enumeration of bacteria 
Samples (3 replicates for the inlet water, 3 replicates for the control discharge water, and 3 × 3 
replicates for the treated discharge water) with a volume of at least 0.5 L were collected in ster-
ile polyethylene containers. 
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5.2.5 Samples for DOC, POC and TSS analyses 
Samples (3 replicates for each water type) were collected in heat-sterilized blue cap bottles of at 
least 0.5 L for analysis of dissolved organic carbon (DOC) and particulate organic carbon (POC). 
For analysis of total suspended solids (TSS), appropriate sample volumes were taken from the 
samples described in Section 5.2.3. 

5.3 Analyses 

5.3.1 Analysis overview 

Table 5.3 Overview of analyses and sample replicates 

Replicate 
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O

C
 +

 P
O

C
 

TS
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Inlet water 

Replicate 1 (start) 1 1 Three 
repli-
cates 

1 1 1 1 1 1 

Replicate 2 (mid) 2 2 2 2 2 2 2 2 

Replicate 3 (end) 3 3 3 3 3 3 3 3 

Control discharge water 

Replicate 1 (start) 1 1 Three 
repli-
cates 

1 1 - 1 1 1 

Replicate 2 (mid) 2 2 2 2 - 2 2 2 

Replicate 3 (end) 3 3 3 3 - 3 3 3 

Treated discharge water 

Replicate 1-3 (start) 1 1 Three 
repli-
cates 

1 1-3 - 1-3 1 1 

Replicate 4-6 (mid) 4 4 4 4-6 - 4-6 4 4 

Replicate 7-9 (end) 7 7 7 7-9 - 7-9 7 7 

MPN Most probable number 
DOC Dissolved organic carbon 
POC Particulate organic carbon 
TSS Total suspended solids 

All analyses were carried out in accordance with the QAPP (Appendix B) and the relevant stand-
ard operating procedures (SOPs). The analyses were generally initiated within 4 h from the time 
of the collection of the samples with the exception of samples for the enumeration of bacteria in 
the control discharge water and the treated discharge water of test cycle #2, which were 
shipped to Denmark and analysed at the DHI laboratory. 
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Table 5.4 Sample storage temperature from sampling to analysis 

Sample 

Storage temperature (°C) 

From  sampling 

to handling on 

board (<4 h) 

Storage on 

board  

(up to 100 h) 

Transfer to 

airport  

(up to 24 h) 

Shipment to 

DHI  

(up to 96 h) 

Organisms ≥50 µm 10-18 - - - 

Organisms ≥10 and <50 µm 
(primary production) 

10-18 - - - 

Organisms ≥10 and <50 µm 
(MPN) 

10-18 22-27 22-29 19-29 

Organisms ≥10 and <50 µm 
(Lugol’s solution) 

10-18 1-4 10-20 10-24 

Bacteria, DOC, POC, TSS 10-18 1-4 10-20 10-24 

MPN Most probable number 
DOC Dissolved organic carbon 
POC Particulate organic carbon 
TSS Total suspended solids 

5.3.2 Organism size class ≥50 µm 
In the samples, the concentrations of viable organisms ≥50 µm in the samples were determined 
by using a stereo microscope and a counting chamber. Viable organisms were determined after 
staining with Neutral Red on the basis of observed mobility and morphology according to DHI 
SOP 30/1700. The viable organisms were characterized according to broad taxonomic groups. 
The samples were maintained at 10-18°C in darkness until initiation of the analyses. The anal-

yses were completed within 4 hours from the time of collection of the samples. Compliance with 
the IMO D-2 standard (IMO 2004) was verified by using the direct count of viable organisms ≥50 
µm.  

5.3.3 Organism size class ≥10 µm and <50 µm 
The polyethylene container with an approximate sample volume of 10 L was gently turned up-
side down five times, after which subsamples were taken for the analyses described below. 

Organisms in inlet water 
One subsample per replicate, with a volume of approx. 10 mL, was transferred to 10-mL poly-
ethylene tubes with screw-caps. The concentrations of viable algae were determined by use of a 
most probable number (MPN) assay. A dilution series was made for each replicate and 1-mL ali-
quots containing 1 mL, 0.1 mL and 0.01 mL of the subsample were added to series of five test 
tubes with 5 mL of liquid medium. Blank controls containing 5 mL of liquid medium without 
sample were also prepared. The test tubes were sealed and kept in the dark at a temperature 
between 19 and 29°C on board the vessel and during transport to the DHI laboratory. Upon arri-

val at the laboratory, the fluorescence of the test tubes was determined prior to incubation. The 
concentrations of viable algae in the samples were determined by measuring the fluorescence in 
the test tubes after 14 days of incubation under continuous light. Incubation temperatures were 
20°C for the MPN assays in test cycles #1 and #2 and 22°C for the MPN assay in test cycle #3. 

The concentrations of organisms in the size class ≥10 and <50 µm were determined in the DHI 
laboratory by inverted microscopy. On location, two subsamples per replicate, each of a volume 
of approx. 100 mL, were transferred from the inlet water samples to brown 100-mL glass bot-
tles. The subsamples were preserved by addition of Lugol’s solution to achieve 2% final concen-
tration. The identification comprised detailed examination of the algal chloroplasts to confirm 
that the organisms had been alive when sampled and classification of the algae in major taxo-
nomic groups. 
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The algal primary production was determined by measuring the 14C fixed by photosynthesis.  
Two subsamples per replicate, each of a volume of approx. 60 mL, were transferred to 60-mL 
bottles and NaH14CO3 (2 µCi) was added to each bottle. The bottles were incubated for approx. 
75 min under light from a light-panel. The incubation took place in a container at 22-26°C, and 

the bottles were gently rotated every 15 min to ensure mixing of the algae. After incubation, the 
samples were filtered onto Whatman GF/D filters, and the filters were transferred to glass vials, 
after which 200 µL 0.1 N HCl was added directly to the filters. The 14C activity remaining in the 
algae on the filters after acidification was quantified by liquid scintillation counting. 

Organisms in discharge water 
The concentrations of viable algae in the control discharge water and the treated discharge wa-
ter were determined by use of the MPN assay (the possible presence of heterotrophic micro-
zooplankton was examined by use of the method in DHI SOP 30/1701). Compliance with the 
IMO D-2 standard (IMO 2004) was verified by use of the results of the MPN assay. As a support-
ing parameter, measurements of primary production were conducted by use of the method de-
scribed above.  

5.3.4 Bacteria 
The concentrations of E. coli and enterococci were determined by diluting the samples in steri-
lized water (1:1), after which the samples were distributed in a specific 96-wells test kit for ei-
ther E. coli or enterococci (BIO-RAD, MUG/MUD kits for E. coli or enterococci quantification). 
The inoculated test kits were incubated for 36 hours at 44°C (42°C to 44.5°C), after which posi-

tive wells were used to calculate the most probable numbers.  

Samples for detection of Vibrio cholerae were filtered through a 0.45-µm filter, after which the 
filters were placed in a sterile container. The containers with the filters were kept in the dark at 
1-4°C on board the vessel whereas the temperature during transport from the on-board location 
(Algeciras, 2011.09.17) to the DHI laboratory (arrival, 2011.09.20) was 10-24°C. Upon arrival at 

the DHI laboratory, the filters were submerged into alkaline saline peptone water for two selec-
tive enrichments. In test cycle #3, the filters were submerged in alkaline saline peptone on-
board the vessel and kept at temperatures of 22-27°C until arrival in the DHI laboratory. The 

cultures obtained by the enrichments were used for inoculation of agar plates. Following 24 
hours of incubation at 37 ± 1°C, the morphology of the colonies on the agar plates was inspected. 

Three of the inspected colonies were sent to DTU Food (mailing address: DTU Food, Zoonoselab, 
Mørkhøj Bygade, Bygning H, DK-2860, Søborg, Denmark) for verification of Vibrio cholerae. 

5.3.5 Physical-chemical parameters 
Dissolved oxygen, salinity, temperature and pH were measured by use of a portable multi pa-
rameter instrument equipped with electrodes. Measurements were conducted at regular inter-
vals throughout the inlet and discharge operations. 

Samples for determination of organic carbon content were filtered through a 0.45-µm syringe 
filter. By using a TOC analyser, the TOC was determined by analysis of non-filtered sample 
whereas the DOC was determined by analysis of filtered sample. The POC was calculated as the 
difference between TOC and DOC. 

Samples for determination of TSS were filtered through a glass fibre filter, which had already 
been weighed in the laboratory, and the TSS was determined by weighing of filters containing 
sample after drying at 105°C. 
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6 Results 

6.1 Physical-chemical parameters 

The physical-chemical conditions of inlet and discharge waters are summarized in Table 6.1. De-
tailed data for TSS, POC and DOC are available in Appendix A. 

Table 6.1 Average concentrations of total suspended solids (TSS), particulate organic 

carbon (POC) and dissolved organic carbon (DOC). 

Test cycle Water type 
TSS  

(mg/L) 

POC  

(mg/L) 

DOC  

(mg/L) 

Test#1 

Inlet water 59 1.3 0.68 

Control discharge water 15 0.77 0.62 

Treated discharge water 14 0.55 0.73 

Test#2 

Inlet water 48 1.2 0.64 

Control discharge water 4.0 0.62 0.51 

Treated discharge water 3.7 0.45 0.63 

Test#3 

Inlet water 11 0.43 0.75 

Control discharge water 7.8 0.22 0.81 

Treated discharge water 8.9 0.28 0.76 

Table 6.2 Average measurements of oxygen (O2), salinity, temperature and pH 

Test cycle Water type 
O2 

(%) 

Salinity 

(PSU) 

Temperature 

(°C) 
pH 

Test#1 

Inlet water 99.5 34.0 20.0 7.9 

Control discharge water 100.8 34.1 20.7 7.9 

Treated discharge water 105.0 33.7 20.6 7.9 

Test#2 

Inlet water 99.0 34.4 19.5 7.9 

Control discharge water 95.8 34.4 21.1 7.9 

Treated discharge water 103.2 34.6 20.8 7.9 

Test#3 

Inlet water 96.8 37.1 23.9 8.2 

Control discharge water 101.0 37.3 24.6 8.3 

Treated discharge water 104.5 37.3 24.4 8.2 

PSU Practical salinity units 

6.2 Biological parameters 

The densities of live organisms in the inlet and control discharge water were in accordance with 
the IMO G8 guidelines (IMO 2008) in all test cycles. Detailed data from the biological efficacy 
analyses are available in Appendix A. 

6.2.1 Organism size class ≥50 µm 
The densities of viable organisms in the ≥50 µm size class varied from approximately 4,900 to 
approximately 10,000 organisms per m3 in the inlet water and from 579 to approximately 2,000 
organisms per m3 in the control discharge water (Table 6.3). The organisms in the ≥50 µm size 
class were primarily identified as copepods and nauplii. 
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Table 6.3 Total sample volumes and average concentrations of viable organisms in the size 

class ≥50 µm. Specific data and individual sample volumes available in Appendix 

A. 

Water type 

Inlet water Control discharge water Treated discharge water 

Total 

sample 

volume 

(m3) 

Organ-

isms/m3 

Total 

sample 

volume 

(m3) 

Organ-

isms/m3 

Total 

sample 

volume 

(m3) 

Organ-

isms/m3 

Test#1 3.73 4,892 4.42 579 9.76 0.17 

Test#2 3.96 8,199 3.97 2,010 9.83 0.26 

Test#3 4.50 9,983 4.50 1,347 10,43 0 

IMO G8 >3 >90 >3 >10 >9 <10 

In test cycles #1 and #2, the average numbers of viable organisms in the ≥50 µm size class were 
0.17 and 0.26 per m3 in the treated discharge water, which is approx. 40-60 times below the 
threshold value defined in the IMO D-2 standard. In test cycle #3, no viable organisms in the ≥50 
µm size class were observed. 

6.2.2 Organism size class ≥10 and <50 µm 
The average densities in the inlet water were 94-127 organisms/mL when determined by in-
verted microscopy. The MPN in inlet water and control discharge water varied from >150 to 
>160 in test cycles #1 and #2. In test cycle #3, the MPN in inlet water was 54 organisms/mL and 
46 organisms/mL in control discharge water. The reason for the higher density of organisms ob-
tained by microscopy compared with the MPN in the inlet water in test cycle #3 was probably 
that the majority of the organisms in the ≥10 and <50 µm size class enumerated by microscopy 
were non-photosynthetic organisms (e.g. heterotrophic micro-zooplankton). The MPN assay is 
based on measurements of fluorescence, which is produced by photosynthetic organisms (al-
gae). 

The MPN of algae, representing the ≥10 and <50 µm size class, in the treated discharge water 
was below the MPN assay detection limit of 0.18 organisms/mL in all test cycles. The average 
densities of viable algae in the treated discharge water were thus more than 55 times below the 
IMO D-2 standard. The decrease in primary production of 99-100% during treatment in the 
BWMS confirmed that the treatment resulted in an immediate impact on the algal photosynthe-
sis. The low concentrations of viable algae (<0.18 organisms/mL) determined by the MPN assay 
provide solid confidence that the total number of organisms ≥10 and <50 µm was below the IMO 
D-2 standard. The conclusion was supported by microscopy examination of the treated dis-
charge water in test cycle #3 by use of the method in DHI SOP 30/1701, which showed that no 
heterotrophic micro-zooplankton ≥10 and <50 µm could be observed in the treated samples. 
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Table 6.4 Average concentrations of viable organisms in the size class ≥10 µm and <50 µm. 

The primary production decrease is expressed as the percentage reduction of the 

measured primary production in inlet water. Specific data are provided in 

Appendix A. 

Test  

cycle 
Water type 

Microscopy 
 ≥10 and <50 µm 

(organisms/mL) 

MPN  

(organisms/

mL) 

Primary production 

DPM 
Decrease 

(%) 

Test#1 

Inlet water 122 >150 2,892 

99.2 Control discharge water - >160 1,422 

Treated discharge water - <0.18 21 

Test#2 

Inlet water 127 >160 3,362 

99.9 Control discharge water - >160 577 

Treated discharge water - <0.18 2.3 

Test#3 

Inlet water 94 54 514 

100 Control discharge water - 46 336 

Treated discharge water - <0.18 0 

IMO G8 

Inlet water >90 - - - 

Control discharge water - >10 - - 

Treated discharge water - <10 - - 

MPN Most probable number 
DPM Disintegrations per minute 

UV irradiation causes damage to the DNA in the cells and it may take several days before the cell 
membrane is disrupted and the enzyme activity stops (Stehouwer et al. 2010, Liltved et al. 2011, 
Liebich et al. 2012). Enumeration of algae by use of the MPN assay is directly related to growth 
over a certain time period. The ability of algal species to grow is the meaningful definition of vi-
ability in an evaluation, of which the target is to determine the efficiency of treatment aiming to 
reduce the species in ballast water capable to proliferate and survive in the natural environ-
ment. For UV treatment systems, the MPN assay is considered the best available methodology 
for evaluation of viable algae. Primary production analyses provide a measure for algal photo-
synthesis by determining amounts of 14C fixed by photosynthesis. Neither the MPN assay nor 
primary production analyses are limited to the ≥10 and <50 µm size class; on the contrary, these 
parameters include planktonic algae without reference to size.  

6.2.3 Bacteria 
For shipboard testing, there are no requirements in the IMO G8 guidelines (IMO 2008) in rela-
tion to the density of bacteria in the inlet water or the control discharge water. 
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Table 6.5 Average bacterial concentrations. Specific data available in Appendix A. 

Test cycle Water type 
E. coli  

(CFU/100 mL) 

Enterococci 

(CFU/100 mL) 

Vibrio cholerae 

(CFU/100 mL) 

Test#1 

Inlet water <10 120 <1 

Control discharge 
water 

800 280 
<1 

Treated discharge 
water 

<10 <10 
<1 

Test#2 

Inlet water 130 21 <1 

Control discharge 
water 

14 <10 
<1 

Treated discharge 
water 

<10 <10 
<1 

Test#3 

Inlet water <10 <10 <1 

Control discharge 
water 

<10 <10 <1 

Treated discharge 
water 

<10 <10 <1 

IMO G8 

Inlet water - - - 

Control discharge 
water 

- - - 

Treated discharge 
water 

<250 <100 <1 

CFU Colony-forming units 

In test cycle #1, the concentrations of E. coli and enterococci were higher in control discharge 
water compared to those in the inlet water. This was especially evident for E. coli, which was not 
detected in the inlet water. The probable explanation is contamination with E. coli in the vessel’s 
ballast tank or piping system. In the treated discharge water, the average concentrations of E. 
coli and enterococci were below the detection limit in all test cycles. 

After inspection of colonies on agar plates, three colonies from control inlet and control dis-
charge water in test cycles #1 and #2 were sent to DTU Food for verification of Vibrio cholerae. 
None of the three colonies were Vibrio cholerae and, thus, Vibrio cholerae was not detected in 
any water sample in the shipboard test. 

7 Conclusion 

The ability of the DOG P40-300 to (a) successfully treat ballast water without interruption and 
(b) meet IMO D-2 ballast water discharge standard was evaluated during a series of three con-
secutive valid test cycles.  

The average densities of viable organisms in the ≥50 µm size class varied from approx. 4,900 to 
approx. 10,000 organisms per m3 in the inlet water. For the size class ≥10 and <50 µm, the aver-
age densities in inlet water varied from 94 to 127 organisms/mL when determined by inverted 
microscopy. The contents of E. coli and enterococci in the inlet water were <10-130 and <10-
120, respectively. The inlet water concentrations of organisms ≥50 µm and the smaller plank-
tonic organisms (≥10 and <50 µm) fulfilled the validity criteria defined in the IMO G8 guidelines 
(IMO 2008).  

The numbers of viable organisms in the ≥50 µm size class were 0.17, 0.26 and 0 per m3 in the 
three test cycles, which is at least 40 times below the threshold value defined in the IMO D-2 
standard (IMO 2004). In all three test cycles, the average density of viable algae in the treated 
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discharge water was determined to be <0.18 organisms/mL by use of the MPN assay. The aver-
age density of viable algae in the treated discharge water was thus more than 55 times below 
the IMO D-2 standard. Measurements of primary production showed a decrease of 99-100% af-
ter treatment in the BWMS compared with the control with untreated ballast water, which con-
firmed that the treatment resulted in an immediate impact on the algal photosynthesis. In the 
treated discharge water, the average concentrations of E. coli and enterococci were below the 
detection limit in all test cycles. Vibrio cholerae was not detected in any water sample in the 
shipboard test. 

The DOG P40-300 functioned properly during all three test cycles and was highly effective at re-
ducing live organism densities under the shipboard testing conditions. The densities of live or-
ganisms in the size classes and the densities of specific bacteria defined in the IMO G8 guidelines 
were below the IMO D-2 standard in the treated discharge water in all test cycles. All three test 
cycles were considered to fulfil the validity criteria of the IMO G8 guidelines.  

8 References 

IMO (2004). Adoption of the final act and any instruments, recommendations and resolutions 
from the work of the conference. International convention for the control and management of 
ships’ ballast water (BWM/CONF/36) 

IMO (2008). Guidelines for approval of ballast water management systems (G8). Resolution 
MEPC.174(58). 

Liebich, V., Stehouwer, P.P., Veldhuis, M. (2012). Re-growth of potential invasive phytoplankton 
following UV-based ballast water treatment. Aquatic Invasions, Volume 7 (1), 2012 . Proceed-
ings of the 17th International Conference on Aquatic Invasive Species (in press). 

Liltved, H., Tobiesen, A., Delacroix, S., Heiaas, H., Tryland, I. (2011). Filtration and UV-irradiation 
for ballast water management – dose requirements and water quality challenges. International 
Ultraviolet Association News, Vol. 13 (1). April 2011.  

Stehouwer, P.P.V., Fuhr, F. & Veldhuis, M.J.W. (2010). A novel approach to determine ballast wa-
ter vitality and viability after treatment. In: Bellefontaine N, Haag F, Linden O, Matheickal J (eds) 
(2010) Proceedings of the IMO-WMU Research and Development Forum 2010 Malmö, Sweden, 
pp 233–240. 

 

  



DHI  
 

 

EAT/11810704/Performance evaluation in shipboard test of the DESMI Ocean Guard ballast water management system DOG P40-300/Report No. 1/2012.06.13 14 
 

 

A P P E N D I X  A  

Detailed data on physical and chemical properties and biological 

efficacy analyses in shipboard testing of DOG P40-300 
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Physical-chemical parameters 

Table A.1 Measurements of total suspended solids (TSS) 

Test cycle Water type 
TSS (mg/L) 

FR1 FR2 FR3 AVG STD 

Test#1 

Inlet water 81 53 45 59 ±19 

Control discharge water 15 16 15 15 ±0.38 

Treated discharge water 14 13 14 14 ±0.77 

Test#2 

Inlet water 43 67 33 48 ±18 

Control discharge water 4.2 3.9 4.0 4.0 ±0.17 

Treated discharge water 4.7 3.3 3.2 3.7 ±0.80 

Test#3 

Inlet water 13 9.6 10 11 ±1.7 

Control discharge water 8.7 8.0 6.5 7.8 ±1.1 

Treated discharge water 9.7 8.7 8.2 8.9 ±0.79 

FR Field replicate 
AVG Average 
STD Standard deviation 

Table A.2 Measurements of particulate organic carbon (POC)  

Test cycle Water type 
POC (mg/L) 

FR1 FR2 FR3 AVG STD 

Test#1 

Inlet water 1.6 1.2 1.1 1.3 ±0.29 

Control discharge water 0.78 0.78 0.77 0.77 ±0.002 

Treated discharge water 0.58 0.47 0.60 0.55 ±0.07 

Test#2 

Inlet water 1.2 1.6 0.9 1.2 ±0.37 

Control discharge water 0.61 0.69 0.58 0.62 ±0.06 

Treated discharge water 0.42 0.44 0.50 0.45 ±0.04 

Test#3 

Inlet water 0.53 0.28 0.49 0.43 ±0.13 

Control discharge water 0.08 0.20 0.39 0.22 ±0.16 

Treated discharge water 0.19 0.31 0.34 0.28 ±0.08 

FR Field replicate 
AVG Average 
STD Standard deviation 
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Table A.3 Measurements of dissolved organic carbon (DOC) 

Test cycle Water type 
DOC (mg/L) 

FR1 FR2 FR3 AVG STD 

Test#1 

Inlet water 0.69 0.69 0.67 0.68 ±0.01 

Control discharge water 0.62 0.61 0.64 0.62 ±0.02 

Treated discharge water 0.69 0.81 0.69 0.73 ±0.07 

Test#2 

Inlet water 0.58 0.59 0.74 0.64 ±0.09 

Control discharge water 0.55 0.42 0.57 0.51 ±0.08 

Treated discharge water 0.65 0.66 0.59 0.63 ±0.04 

Test#3 

Inlet water 0.78 0.83 0.64 0.75 ±0.10 

Control discharge water 0.95 0.82 0.67 0.81 ±0.14 

Treated discharge water 0.85 0.72 0.72 0.76 ±0.07 

FR Field replicate 
AVG Average 
STD Standard deviation 
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Organism size class ≥50 µm  

Table A.4 Enumeration of organisms ≥50 µm and sample volumes 

Test 

cycle 
Water type 

Organisms ≥50 µm 

FR1 FR2 FR3 
AVG STD 

vol. m3 org./m3 vol. m3 org./m3 vol. m3 org./m3 

Test #1 

Inlet water 1.22 4,150 1.25 3,240 1.26 7,286 4,892 ±2,123 

Control discharge water 1.64 390 1.40 768 1.38 -* 579 ±267 

Treated discharge water 3.35 0 3.18 0.26 3.23 0.26 0.17 ±0.15 

Test #2 

Inlet water 1.33 7,476 1.34 6,888 1.29 10,233 8,199 ±1,786 

Control discharge water 1.30 2,319 1.37 2,323 1.30 1,389 2,010 ±538 

Treated discharge water 3.27 0.52 3.26 0.26 3.30 0 0.26 ±0.26 

Test #3 

Inlet water 1.50 8,800 1.50 11,550 1.50 9,600 9,983 ±1,415 

Control discharge water 1.50 1,511 1.50 1,248 1.50 1,283 1,347 ±143 

Treated discharge water 3.43 0 3.51 0 3.49 0 0 - 

FR Field replicate 
AVG Average 
STD Standard deviation 
* Sample lost 
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Organism size class ≥10 and <50 µm 

Table A.5 Enumeration of organisms ≥10 µm and <50 µm by microscopy 

Test 

cycle 
Water type 

≥10 µm and <50 µm (organisms/mL) 

FR1 FR2 FR3 FR4 FR5 FR6 FR7 FR8 FR9 AVG STD 

Test#1 Inlet 139 116 111 - - - - - - 122 ±15 

Test#2 Inlet  129 184 68 - - - - - - 127 ±58 

Test#3 
Inlet  129 82 71 - - - - - - 94 ±31 

Treated discharge 0 - - 0 - - 0 - - 0 - 

FR Field replicate 
AVG Average 
STD Standard deviation 

Table A.6 Determination of viable algae by the most probable number (MPN) assay 

Test 

cycle 
Water type 

Viable algae (organisms/mL) 

FR1 FR2 FR3 FR4 FR5 FR6 FR7 FR8 FR9 AVG STD 

Test#1 

Inlet >160 >140 >160 - - - - - - >150 - 

Control discharge >160 >160 >160 - - - - - - >160 - 

Treated discharge <0.18 <0.18 <0.18 <0.18 <0.18 <0.18 <0.18 <0.18 <0.18 <0.18 - 

Test#2 

Inlet >160 >160 >160 - - - - - - >160 - 

Control discharge >160 >160 >160 - - - - - - >160 - 

Treated discharge <0.18 <0.18 <0.18 <0.18 <0.18 <0.18 <0.18 <0.18 <0.18 <0.18 - 

Test#3 

Inlet 
35  

(12-100) 
92  

(29-290) 
35  

(12-100) 
- - - - - - 54 ±33 

Control discharge 
24  

(8,9-64) 
92  

(29-290) 
22  

(8,3-59) 
- - - - - - 46 ±40 

Treated discharge <0.18 <0.18 <0.18 <0.18 <0.18 <0.18 <0.18 <0.18 <0.18 <0.18 - 

FR Field replicate 
AVG Average 
STD Standard deviation 
( ) 95% confidence interval 

Table A.7 Measurements of primary production by planktonic algae 

Test 

cycle 
Water type 

Primary production (DPM) 

FR1 FR2 FR3 FR4 FR5 FR6 FR7 FR8 FR9 AVG STD 

Test#1 

Inlet 3,282 3,105 2,288 - - - - - - 2,892 ±530 

Control discharge 1,495 1,320 1,450 - - - - - - 1,422 ±91 

Treated discharge 19 - - 23 - - 21 - - 21 ±2.1 

Test#2 

Inlet 3,359 3,623 3,104 - - - - - - 3,362 ±260 

Control discharge 582 606 542 - - - - - - 577 ±32 

Treated discharge 1.9 - - 4.9 - - 0 - - 2.3 ±2.5 

Test#3 

Inlet 497 482 562 - - - - - - 514 ±43 

Control discharge 335 349 323 - - - - - - 336 ±13 

Treated discharge 0 - - 0 - - 0 - - 0 - 

DPM Disintegrations per minute 
FR Field replicate 
AVG Average 
STD Standard deviation 
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Bacteria 

Table A.8 Enumeration of E. coli 

Test 

cycle 
Water type 

E. coli (CFU/100 mL) 

FR1 FR2 FR3 FR4 FR5 FR6 FR7 FR8 FR9 AVG STD 

Test#1 

Inlet <10 <10 <10 - - - - - - <10 - 

Control discharge <10 500 1,900 - - - - - - 800 ±980 

Treated discharge <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 - 

Test#2 

Inlet <10 10 360 - - - - - - 130 ±200 

Control discharge <10 <10 21 - - - - - - 14 ±6.4 

Treated discharge <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 - 

Test#3 

Inlet <10 <10 <10 - - - - - - <10 - 

Control discharge <10 <10 <10 - - - - - - <10 - 

Treated discharge <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 - 

CFU Colony-forming units 
FR Field replicate 
AVG Average 
STD Standard deviation 

Table A.9 Enumeration of enterococci 

Test cycle Water type 
Enterococci (CFU/100 mL) 

FR1 FR2 FR3 FR4 FR5 FR6 FR7 FR8 FR9 AVG STD 

Test#1 

Inlet 21 160 190 - - - - - - 120 ±90 

Control discharge 32 130 670 - - - - - - 280 ±340 

Treated discharge <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 - 

Test#2 

Inlet 10 32 21 - - - - - - 21 ±11 

Control discharge <10 <10 <10 - - - - - - <10 - 

Treated discharge <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 - 

Test#3 

Inlet <10 <10 <10 - - - - - - <10 - 

Control discharge <10 <10 <10 - - - - - - <10 - 

Treated discharge <10 <10 <10 <10 <10 <10 10 <10 <10 <10 - 

CFU Colony-forming units 
FR Field replicate 
AVG Average 
STD Standard deviation 
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Table A.10 Enumeration of Vibrio cholerae 

Test 

cycle 
Water type 

Vibrio cholerae (CFU/100 mL) 

FR1 FR2 FR3 FR4 FR5 FR6 FR7 FR8 FR9 
AV

G 
STD 

Test#1 

Inlet <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 - 

Control discharge <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 - 

Treated discharge <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 - 

Test#2 

Inlet <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 - 

Control discharge <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 - 

Treated discharge <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 - 

Test#3 

Inlet <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 - 

Control discharge <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 - 

Treated discharge <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 - 

CFU Colony-forming units 
FR Field replicate 
AVG Average 
STD Standard deviation 
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A P P E N D I X  B  

Quality Management Plan (QMP) and revised Quality Assurance Project 

Plan (QAPP) with Amendment No. 1 and Deviation No. 1 
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A P P E N D I X  C  

Filtration fineness of the present 

DESMI Ocean Guard Ballast Water Treatment System 
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A P P E N D I X  D  

Certificate of compliance, ISO 9001 certificate, accreditation and  

GLP authorisation 
 

 

 





  

DET NORSKE VERITAS 
MANAGEMENT SYSTEM CERTIFICATE 

Certificate No. 109333-2012-AQ-DEN-DANAK 

This is to certify that 

DHI Group 

has been found to conform to the management system standard: 

DS/EN ISO 9001:2008 

This certificate is valid for the following product or service ranges: 

Consulting, software, research & development and laboratory testing, analysis & products 
within the area of water, environment & health 

 
Locations included in the certification will appear in the appendix. 

 
Place and date:

Hellerup, 2012-01-10
This certificate is valid until: 

2015-01-10 
DET NORSKE VERITAS,  

BUSINESS ASSURANCE, DANMARK A/S 

The audit has been performed under the 
supervision of: 

  
Jan Carsten Schmidt Jens Peter Høiseth 

Lead Auditor 

  DANAK  SYSTEM Reg.nr. 5001 

Managing Director 

Lack of fulfilment of conditions as set out in the Certification Agreement may render this certificate invalid. 
 

Det Norske Veritas, Business Assurance, Danmark A/S 
Tuborg Parkvej 8, 2., DK-2900 Hellerup, Denmark. Tel: +45 39 45 48 00, www.dnv.com / www.dnv.dk 



  

DET NORSKE VERITAS 
APPENDIX TO CERTIFICATE 

This appendix refers to certificate no. 109333-2012-AQ-DEN-DANAK 

DHI Group 

Locations included in the certification are as follows: 
 
Site Address Scope: 

Agern Allé 5 2970 Hørsholm, Denmark 

Consulting, MIKE© by DHI Software Development, 
Sales & Support, Solutions Software Development, 
Research, Development &  Innovation and Laboratory 
Analysis, Testing & Products 

INCUBA Science Park, Gustav Wieds Vej 10 8000 
Århus, Denmark 

Consulting, Solutions Software Development and 
Research, Development &  Innovation 
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This certificate is valid until: 

2015-01-10 
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supervision of: 

  

Jan Carsten Schmidt Jens Peter Høiseth 
Lead Auditor 

  DANAK  SYSTEM Reg.nr. 5001 

Managing Director 
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